technique to measure fractional rates of protein synthesis. 157
Measurements were made at regular intervals as the fish increased in size 158 (Table 2) . Twenty four hours before measurement, food was removed from the 159 feeder and uneaten food was siphoned from the tank. calculated to be 1178 dpm nmole -1 phe using the formula A = A0e-λt where A0 is 167 the specific radioactivity of the injection solution in September 2005 (1312 dpm 168 nmole -1 phe), λ is the decay constant (Ln2/t1/2 where t1/2 is the half-life for tritium,a theoretical specific radioactivity of 589 dpm nmole -1 phe. The injection volume 174 administered to each group varied according to size (Table 2) . The injection 175 volume usually used in protein synthesis studies in fish is 1 ml 100 g -1 body mass 176 (Table 1) but most studies have worked with fish < 250 g in body mass (Table 1) . 177
In this study, to reduce the injection volume into the peritoneum and to conserve 178 radioactivity and reduce subsequent radiation waste, the injection volumes were 179 reduced ( Table 2) . 180
Following injection, the fish were returned to tanks containing aerated 181 freshwater and left for 2 to 4 hours incubation according to size (Table 2) to allow 182 uptake of radiolabel from the peritoneum into the body free amino acid pools and 183 incorporation into body protein. After the designated incubation time the fish 184 were killed using a Home Office Schedule 1 method, snap frozen in liquid nitrogen 185 and stored at -20°C until processing. In the laboratory, fish were part-thawed and 186 white muscle samples (ca. 150 mg) were obtained from 4 locations in the epaxial 187 white muscle and one location on the hypaxial white muscle (Fig. 1) (Table 1) . Tissue samples (ca. 100 mg) 194 from each location in the white muscle were homogenised in 2 ml 0.2M perchloric 195 acid and centrifuged (6000 g, 4°C, 15 minutes) to separate the intracellular free 196 pool from the precipitated protein pellet. The subsequent treatment of thephenylalanine-specific radioactivity (Sb) (both dpm nmole -1 phe) was as described 199
in Houlihan et al. (1995a Houlihan et al. ( , 1995b 1986; Houlihan et al., 1995c) and the fish sampled in this study ranged from ca. 214 25 g to ca. 1.5 kg body mass, the white muscle data were mass-corrected to a 215 standard body mass of 300 g prior to analysis using the equation ks(std) = 216 The mean free pool phenylalanine-specific radioactivities (Sa) in the white 235 muscle for each sampling group after 2-4 hours incubation (depending on size) 236 are presented in Table 2 . To standardize and allow the degree of flooding to be 237 compared across groups, the Sa values for each fish (i.e. the mean of the 5 regions 238 for that fish) were expressed as a percentage of the specific radioactivity (SR) of 239 the injection solution used. The mean Sa values for each group of fish ranged from 240 40.6% to 81.3% with an overall average value of 59.7% (Table 2) and p = 0.01 respectively), tended to be lower in group 7 compared to group 1 (p 245 =0.064) but were similar between all other groups (all p >0.11). 246
ks(obs)
Previous studies that have measured rates of protein synthesis in the white(IV) into the caudal vein or by injection into the peritoneum (IP) ( Table 1) . 249
Introduction directly into the bloodstream results in white muscle Sa values that 250 are closer to the SR of the injection solution (average value is 79% for the data 251 presented in Table 1 ) compared to IP injection (average value is 64% for the data 252 presented in Table 1 ). However, IV injection is technically more challenging than 253 IP injection, takes longer to perform and can be more stressful for the fish (IDM, 254 pers. obs.). In the present study, the average Sa value for the white muscle free 255 pool expressed as percentage of the injection solution was 59% (Table 2 ) which is 256 close to the average for the white muscle following IP injection for previous 257 studies (64%, Table 1 ). It is likely that Sa values will never attain parity with the 258 injection solution as the injected dose will be diluted by free phenylalanine 259 present in the body free amino acid pools and, especially with IP injection, it is 260 likely that some radiolabel will be lost from the injection site following withdrawal 261 of the needle. Heterocucumis steini following a flooding dose injection with dilution accounting 264 for a 12.5% reduction and the remainder assumed lost by leakage. However, the 265 important consideration is that there is sufficient radioactivity introduced into the 266 free pool and incorporated into body protein to enable accurate measurement of 267 synthesis rates. The white muscle free pool Sa values measured in the present 268 study (Table 2 ) fall within the range of Sa values reported in validation studies for 269 measuring fractional rates of white muscle protein synthesis in fishes (see Table  270 1). 271
In addition to comparing tissue or whole-animal Sa values to the injection 274 solution, many studies also calculate the elevation in free pool phenylalanine 275 concentrations above control values in order to determine the degree of flooding 276 (see Table 1 ). Measurement of the phenylalanine concentrations in the present 277 study indicated that the elevation of free phenylalanine in the white muscle was 278 on average 7.8 times higher than the estimated background level of 55 nmol phe 279 g -1 with a 5.9 fold to 11.2 fold elevation observed among the sampling groups 280 (Table 2) observed for the white muscle in previous studies following IV (average 8.6 fold 289 increase; range 2-fold to 17-fold; Table 1 ) or IP injection (average 8.6 fold 290 increase; range 8.1-fold to 11.6-fold; Table 1 ). Taken together, the elevation in free 291 phenylalanine concentrations and the phenylalanine specific radioactivity in the 292 white muscle relative to that of the injection solution indicate that flooding has 293 been achieved in the white muscle tissue in the present study. It is interesting to 294 note that flooding has been achieved despite the reduction in the injection dose 295 compared to the 1 ml 100 g -1 standard (Table 1) . Houlihan et al. (1986) found that 296 60 minutes incubation was not sufficient to achieve flooding in the anterior region 297 of the epaxial white muscle following a dose of 0.35 ml 100 g -1 and recommended 298 that future work use a larger dose (1 ml 100 g -1 ). Subsequent studies have 299 followed this recommendation to measure fractional rates of protein synthesis in 300 the white muscle (Table 1) . However, the results of the present study indicate that 301 the dose can be substantially reduced and flooding of the white muscle free amino 302 acid pools can still be achieved (Table 2) in the 5 regions of the white muscle for each group of fish is presented in Table 3 . Following size correction to standard body mass of 300 g, the fractional rates 367 of protein synthesis in the white muscle ranged between and 0.46 and 0.76% day -368 1 with a mean synthesis rate of 0.61 ± 0.07% day -1 . These synthesis rates fall within 369 the range of white muscle fractional rates of protein synthesis observed in fishes 370 (Table 1) To determine whether the observed variability in rates of protein synthesis 416 between regions was related to body size, the proportional rates of protein 417 synthesis in the 5 regions for each fish were plotted against body mass (Fig. 2a) . 418 Figure 2a shows that, with the exception of two fish, the variability in synthesis 419 rates between regions is relatively low, i.e. in the range 0.9 to 1.1, for fish < 1 kg 420 body mass whilst variability between regions appears to increase in fish larger 421 than ca. 1 kg body mass. The coefficient of variation for the five measures of 422 protein synthesis for each fish is plotted against its body mass in Figure 2b . Thisplot confirms the pattern suggested in Figure 2a with CV values of < 10% generally 424 observed for fish < 1 kg in body mass (Table 5; 
